Background: Chronic non-communicable diseases (NCDs) are becoming significant causes of morbidity and mortality, particularly in sub-Saharan African countries, although local, high-quality data to inform evidence-based policies are lacking.
Introduction
Previously considered as diseases of the affluent and a distraction from the business of prevention and control of communicable diseases [1] , chronic non-communicable diseases (NCDs), in particular cardiovascular diseases (heart diseases and stroke), cancer, respiratory diseases and diabetes mellitus are increasingly becoming significant causes of morbidity and mortality in low-and middle-income (LMI) countries. Recent estimates suggest that NCDs are responsible for 60-64% of all deaths in these countries with 61% of deaths occurring in people younger than 70 years of age [2] [3] [4] [5] [6] . WHO projected that by 2015 NCDs will account for over 70% of all deaths globally with 80% of these deaths occurring in developing countries [2] . Developing countries are therefore having to cope with a double burden of communicable and non-communicable diseases, a situation that has been described as ''a race against time'' [1, 7] . NCDs together with HIV have resulted in many LMI countries failing to keep on track of reaching the Millennium Development Goal targets [8] . In sub-Saharan Africa (SSA), urbanisation, changing lifestyles, socio-cultural factors, poverty and poor maternal, foetal and infant nutrition, which forms the basis of the developmental origins of NCDs, are some of the drivers of this epidemic [1, [8] [9] [10] .
Tobacco smoking, excessive alcohol consumption, physical inactivity, obesity, low fruit and vegetable intake are well known shared risk factors for the major NCDs. Assessing the epidemiological situation by identifying the distribution of risk factors among different population groups in a country is the first of the three WHO recommended planning steps for prevention and control of NCDs and their risk factors. In particular, the development of a national risk factor profile for NCDs provides key information required for planning prevention and control activities. Information on a risk factor profile could also help to predict the future burden of disease. This, in turn, would help to make a strong case for high-level advocacy and constitutes an evidence base for planning interventions at policy, environmental and health system levels. The second step is the formulation and adoption of an NCD policy and plan of action. A WHO generic NCD Policy and Plan of Action is available to help with this task [11, 12] . The third planning step is to identify policy implementation steps by which the policy and plan of action can be implemented, especially in the areas of health financing, legislation and regulations, advocacy, community-based interventions, and health services delivery [13] . The primary health care approach is the recommended most cost-effective approach for delivering NCD interventions [11, 14, 15] . Several publications have highlighted the need for local high quality epidemiological data on the burden of NCDs and their risk factors particularly in SSA where such data are scarce [14, [16] [17] [18] [19] . Between July and September 2009, we conducted a nationwide cross-sectional survey using WHO NCD STEPS survey tools to determine the magnitude of NCDs and their risk factors in Malawi.
Materials and Methods

Ethics statement
Ethical approval was granted by the Malawi National Health Sciences Research and Ethics Committee. Written informed consent was obtained before participants were enrolled in the study using the WHO NCD STEPS survey consent form.
Study design
This study was a nationwide population based cross-sectional survey designed according to a WHO STEPwise approach to chronic disease risk factor surveillance [20] . It is called STEPwise (STEPS) approach because data are collected in 3 steps; step 1 uses a questionnaire to collect demographic and lifestyle data; step 2 involves measurements of height, weight, blood pressure, waist and hip circumference; and step 3 uses laboratory (biochemistry) investigations.
Sample size calculation
Sample size was calculated using the formula: N~Z 2 P 1{P ð Þ e 2 Where N = sample size, Z = level of confidence, P = baseline level of the selected indicator and e = margin of error, set at P = 0.50, Z = 1.96 (at 95% confidence interval), e = 0.05. The sample size was adjusted for design effect for complex sample design set at 1.50, age-sex estimates in the 25-64 age range (8 10-year intervals) and a non-response rate of 20%. The minimum calculated sample size was therefore multiplied by 1.5 and by 8, and then divided by 0.8 to adjust for design effect, age-sex estimates and non-response rate respectively. With these adjustments, the final sample was 5,760. It was assumed that the nonresponse rate would be high because participants may refuse blood testing and or not adhere to fasting, the latter being required for fasting blood glucose testing.
Sampling of survey sites, households and eligible participants
Enumeration areas (EAs) were used as survey sites. Administratively, Malawi is divided into twenty-eight districts. In turn, each district is subdivided into smaller administrative units called traditional authorities (TAs). Each TA is sub-divided into EAs by the National Statistical Office (NSO). Enumeration areas are classified as urban or rural. Each EA has demographic data and a sketch map. The sketch map shows the EA boundaries, location of buildings, and other landmarks. The list of all EAs in Malawi from population and housing census conducted in June 2008 was obtained from the NSO. This list was used as a sampling frame for the random selection of EAs. According to the WHO NCD STEPS Survey manual Part 2 section 2 [20] , in each EA 30-50 households could be selected and in each household only one eligible participant could be selected. We settled for 40 households per EA. Therefore to reach the sample size, the total number of EAs to be selected was 144 EAs (5760/40). The 144 EAs were randomly selected nationwide using the probability proportional to size (PPS) sampling method. In each EA, 40 households were randomly selected using systematic sampling method. Sampling interval was calculated by dividing the total number of households in the EA as given by the NSO by 40 (the number of households to be selected). At household level, only one eligible participant was selected using the Kish sampling method built-in personal digital assistants (PDAs). Households with no eligible participant were not replaced.
Participant recruitment and data collection
Eligible participants were all adults aged 25-64 years. Participants were involved in the survey for two days: day one was for the questionnaire and body measurements and day two was for laboratory tests and blood pressure measurement. Formal written consent was obtained. Participants with abnormal physical or laboratory findings as defined below were counseled and referred to their nearest health facility for further action and follow up. Body measurements and laboratory tests were performed by nurses and clinical officers while enumerators conducted the interviews. A total of seven survey teams, each with 8 members were deployed to collect data over a period of 30 days between July and September 2009.
Step 1, the survey questionnaire, was programmed on the PDAs. It consisted of core (age, sex and education in years and current exposure to tobacco and alcohol, diet and physical activity), expanded (rural/urban setting, occupation, average household income) and optional (marital status, medical and health history, past history of smoking and alcohol consumption) variables. The medical and health history component included questions on medication, cigarette use, diabetes mellitus and hypertension. The English questionnaire was translated into two main local languages (Chichewa and Tumbuka).
Step 2 involved physical body measurements. Physical body measurements that were performed included blood pressure, height, weight, waist and hip circumference measurements. Blood pressure measurements were taken using battery powered digital blood pressure machines (OmronH M4-I). The participant was asked to sit on the chair and rest quietly for 15 minutes with his/ her legs uncrossed. The left arm of the participant was then placed on the table with the palm facing upward.Three readings 3-5 minutes apart were then taken on the left arm. During the analysis the average of the last two readings was the final blood pressure reading. Waist circumference was measured using a tape-measure in centimeters, and the measurement was made in the mid-axillary line midway between the last rib and the superior iliac crest. Measurements were taken to the nearest 0.1 cm. Hip measurement was also made using a tape-measure placed horizontally at the point of maximum circumference over the buttocks. Measurements were taken to the nearest 0.1 cm. Height was measured with the participant standing upright against a wall on which a height mark was made. Measurements were taken with the participant in barefoot, standing with the back against the wall and head in the Frankfort position with heels together. The participant was asked to stretch to the fullest. After being appropriately positioned, the participant was asked to exhale and a mark with a white chalk was made to mark the height. The height was then measured in centimeters from the mark to the floor using the tape-measure. Measurements were taken to the nearest 0.1 cm. Weight measurements were taken on a precalibrated weighing scale (bathroom scale). The scales were calibrated daily using a known weight (1 kg packet of sugar). Participants were weighed dressed in light clothing and barefoot. Measurements were taken to the nearest 0.1 kg.
Step 3 involved laboratory tests. On the first day of the survey after step 1 and step 2, participants were asked to starve overnight. Consenting participants were asked not to consume any food except for clear water after taking supper/dinner of that day until the survey team came again in morning of the following day (day 2). People converged at the agreed place in their community where finger prick blood samples for biochemistry tests were taken. Those that complied with advice (starving overnight) were eligible for finger prick blood sample collection. Total cholesterol and fasting blood glucose were measured using AccutrendH Plus machines.
Data management
Data were collected electronically using PDAs (HP) programmed with WHO e-STEPS software. There were two sets of PDAs, one set for Step 1 (questionnaire) and Step 2 (body measurements) and the other set for Step 3 (biochemical measures). A total of 50 PDAs were used. Data on the PDAs were downloaded into the computer installed with WHO NCD STEPS software. The files of each participant (questionnaire, body measurements, biochemistry tests and Kish data) were then merged using the participant identity (PID) number cross-checked with participant name, EA number or village/township name and other particulars where necessary. After merging, common variables in the dataset were matched and inconsistencies were corrected.
Data were weighted by calculating sample weights for all records using the probability of selection at each stage of sampling. Thus, for each participant his/her weight was calculated by multiplying the probability of EA selection, the probability of household selection, the probability of selection within household and age-sex distribution of the population in Malawi. The participant's weight was equal to the inverse of this product. Data analysis was conducted in Epi Info, version 3.5.1 (Centres for Disease Control and Prevention, Atlanta, Ga). Confidence intervals (CI) for proportion were calculated using the formula p = p6C!p(p-1)/n where p is the given proportion whose CI needs to be calculated, C = is the coefficient, at 95%CI C = 1.96, n = number of participants. The results were statistically significant if there was no overlap between two CIs of comparing groups (males vs females, urban vs rural, study population vs general population).
Definitions
Raised blood pressure was defined as a diastolic blood pressure of 90 mmHg or more or systolic blood pressure of 140 mmHg or more or currently on medication for high blood pressure (documented in the health booklet). Diastolic blood pressure $110 mmHg or systolic $180 mmHg was considered as severe high blood pressure. Raised fasting blood glucose was defined as blood glucose level $7.0 mmol/L or currently on medication for diabetes mellitus (documented in the health booklet). Raised total cholesterol was defined as cholesterol level $5.0 mmol/L. Overweight was defined as body mass index (BMI) $25.0 and obesity as BMI $30.0. Excessive or harmful use of alcohol was defined as consumption of 5 or more for men, 4 or more for women standard units per day for three or more days per week.
Results
Characteristics of participants enrolled in the survey
Of the 144 EAs that were selected, 143 were reached and data were collected. Only one EA was not reached and data were not collected because permission was not granted, it being a high security area. A total of 5,451 eligible adults were selected and approached to participate in the survey. Of these, 245 (5.5%) refused while 5,206 (95.5%) consented to take part in the survey. Of the 5,206 participants that took part in the survey, about two thirds (67.5%) were females, 87.4% were from rural areas and about one in four (24.6%) had no formal education. Blood pressure, fasting blood sugar and total cholesterol were measured in 75.1%, 58.7% and 49.7% respectively of the 5,206 participants ( figure 1 and table 1 ).
Magnitude of selected NCDs and their risk factors
Tobacco smoking, alcohol drinking (any amount) and excessive alcohol drinking were more common in men than women (25.9% vs 2.9%, 30.1% vs 4.2%, 19.0% vs 2.3% respectively, all p,0.05). Overall (both sexes) the prevalences of these risk factors were 14.1%, 16.9% and 7.7% respectively. Hand-rolled cigarettes and home brew alcohol were the commonest types (over 90%) of cigarettes and alcohol drink taken. Overweight, obesity and physical inactivity were more frequent in women than men (28.1% vs 16.1%, 7.3% vs 2.0% and 12.6% vs 6.3% respectively, all p,0.05%). For both sexes combined, the prevalences were 21.9%, 4.6% and 9.5% respectively. Raised blood pressure or currently on blood pressure medication was more common in men than women (37.2% vs 29.2% p,0.05). Raised total cholesterol was more frequent in women than men (11.0% vs 6.3% p,0.05). There were no significant differences between men and women in the prevalence of raised fasting blood glucose or currently on medication (6.5% vs 4.7%), and having three or more risk factors for NCD (17.6% vs 15.4%). Overall, the prevalence of raised blood pressure or currently on medication, fasting blood glucose or currently on medication, raised total cholesterol, and three or more risk factors were 32.9%, 5.6%, 8.7% and 16.5% respectively. On average, participants ate fruits and vegetables 2.0 and 5.6 days per week respectively.
Overweight, obesity and physical inactivity were more common in urban than rural areas (38.6% vs 21.9%, 13.6% vs 4.9%, 24.1% vs 8.7% respectively all p,0.05). Tobacco smoking was more common in rural than urban areas (10.9% vs 6.6% p,0.05). There were no significant differences by urban/rural area in the prevalence of raised blood pressure or currently on medication, raised fasting blood glucose or currently on medication, alcohol drinkers and three or more risk factors.
Majority (93.3%) of people with raised blood pressure were not aware that they had such medical problem. Table 2 
Discussion
This study demonstrated that chronic non-communicable diseases and their risk factors are major public health problems in Malawi with at least one in four men smoking tobacco, one in five drinking alcohol excessively and at least one in four women being overweight. A third (32.9%) of the adult population aged 25-64 years had raised blood pressure or were on antihypertensive medication, 5.6% had raised fasting blood glucose or were on medication and 8.7% had raised cholesterol. The burden of NCDs in Malawi was demonstrated previously using a burden of disease methodology that estimated the prevalence of diabetes mellitus, ischaemic heart disease, and stroke for the adult population aged 30-69 years to be 13.6%, 4.4% and 6.1% respectively [21] . While our result for fasting blood glucose seems low compared to this previous estimate, the level of hypertension is much higher than expected. Automatic blood pressure device used this survey could have influenced the results although Omron M4 machines were validated and passed the validation process [22, 23] .
These findings confirm reports that NCDs are major public health problems in sub-Saharan Africa where they may account for 20% of all deaths [24] , with the burden projected to rise to 40% by 2015 [25] . The majority of people with raised blood pressure (.90%) did not know that they had such medical problem and this is consistent with findings from other studies in sub-Saharan Africa [26] . High blood pressure is the leading cause of stroke in Africa [26] . The prevailing high health facility utilization rates and the existing outreach clinic programmes in the country could be used as an opportunity for screening high blood pressure. The primary health approach to raise awareness, screen, diagnose, treat and follow up people with NCDs is recommended [11, 15] . The potential value of screening people with tuberculosis for diabetes mellitus and people with diabetes for tuberculosis [27] [28] [29] [30] [31] and hypertension [32] is highlighted.
Non-communicable diseases and their risk factors were gender related, with tobacco smoking, alcohol consumption and raised blood pressure being more frequent in males than females whereas overweight, obesity and raised cholesterol were more frequent in females than males. In SSA, being overweight/obese could be perceived as being rich in males or sexually attractive in females [9] . This emphasises the need for taking into account gender related socio-cultural issues in NCD health promotion interventions. In the present study, two thirds of participants were females. However, it is unlikely that this had an influence on the results for women because data were weighted (standardised) for age and sex to national population. The over representation of females was not by study design as eligible participants were randomly selected using the Kish sampling method built-in the PDAs after entering their name, sex and age. It is uncertain whether the refusals/non-availability had an influence on the results. Refusals were relatively small (245) (Figure 1 ) with no differences between males and females and no replacements were made. Specifically, males aged 25-34 years were the ones that were underrepresented based on National Statistical Office Population figures 2008 (42.5% vs 47.5%, p,0.05). The under representation of men in this age group may be due to some being away from home at the time of the survey. It is not known if this group had different survey characteristics. All the other age groups were representative of the national population (Table 1) .
Technical faults of the biochemistry machines (Accutrend plusH) particularly for cholesterol led to only half of consented and available participants being tested. Two machines were sent back to the manufacturer (Roche). It is uncertain whether failure to measure blood pressure, fasting blood glucose and cholesterol in all the participants who consented had an influence on the results. The curtailment of testing affected men, women and all age groups equally. Based on number of participants and their ages, the available results for each measurement were standardised for age and sex to the national population. The findings presented in this paper are therefore age-sex adjusted estimates. Nevertheless this community based study captured blood pressure measurement, blood cholesterol and fasting blood glucose tests for over 2,500 The association between NCD risk factors and urban/rural area of residence with overweight/obesity and physical inactivity being more frequent in urban than rural areas has also been reported in other studies in SSA [1, 8, 9] . Tobacco smoking was more common in rural than urban areas. Tobacco is widely grown in Malawi and is readily available in rural areas. However hypertension and raised fasting blood sugar were just as common in rural as in urban areas and therefore interventions should target both groups of people. Taxation is one the strategies for controlling tobacco and alcohol use [11] . However, in Malawi, this strategy may have limited or no effect because most people (over 90%) smoke handrolled (self-made) cigarettes and drink home brewed alcohol. Modest alcohol consumption is inversely associated with risk of cardiovascular diseases and therefore the focus would be on prevention of harmful alcohol consumption particularly among males.
Vegetable intake was not a problem in this study population. People ate vegetables on average 6 days a week. But fruit intake was not sufficient, on average 2 days a week (recommended 3 days or more per week). However, the study was done in the dry season when fruits are scarce. In the rainy season when fruits particularly mangoes are plentiful the figure is likely to be higher.
In conclusion, this study presents evidence on the magnitude of NCDs and their risk factors, gender and urban/rural differences in Malawi, a poor country in central-southern Africa. These data could be useful in the formulation and advocacy of NCD policy and plan of action in Malawi.
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